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Synthesis of the Sensitizer Dyes:
5-(1-(4-hexylphenyl)-5-(thiophen-2-yl)-1H-pyrrol-2-yl)thiophene-2-carbaldehyde (2):
To a stirred solution of 3 (0.25 g, 0.59 mmol) in THF (20 mL) at −20 ° C, was added NBS (0.13g, 0.72mmol) in one portion. The reaction mixture was allowed to warm to room temperature over 5 h after which the solvent was removed by rotary evaporation. The residue was then dissolved in diethyl ether (100 mL) and washed with water (2 × 100 mL) and brine (100 mL). The organic phase was dried with MgSO4 and filtered through a pad of silica gel (washing with generous amounts of diethyl ether). Rotary evaporation afforded the crude product (0.18 g, 80% yield) as yellow power. The product was used without further purification. 5, 146.5, 144.9, 141.8, 137.2, 137.1, 130.3, 129.5, 125.5, 124.2, 103.2, 35.5, 31.6, 31.1, 28.6, 22 .6 and 14.1 ppm. tris(dibenzylideneacetone)dipalladium(0) (5.77mg, 0.011 mmol) and potassium phosphate (0.13g, 0.6 mmol). The mixture was dissolved in toluene and methanol (6:4). The flask was fitted with a reflux condenser, magnetic stir bar and filled with N2. The reaction mixture was refluxed for 6 h, then allowed to cool to room temperature and 50 mL of ethyl acetate was added. The organic layer was dried over Mg2SO4 anhydrous and removes the solvent. The crude product was purified over SiO2 using petroleum ether and ethyl acetate (8: 2) to obtained a title product as deep yellow solid (0.22g, 80% yield 158.5, 155.9, 146.3, 144.5, 144.3, 144.2, 142.2, 139.1, 135.7, 134.1, 132.2, 131.9, 131.4, 129.8, 129.2, 129.1, 128.8, 128.7, 128.2, 127.9, 127.4, 126.7, 125.1, 124.4, S4 122.8, 122.5, 121.9, 121.1, 111.3, 109.0, 104.3, 99.4, 67.1, 66.7, 34.6, 30.6, 30.4, 30.2, 30.1, 21.5, 18.3, 18.2, 13.05, 12.86 and 12.81 mmol) was refluxed in CHCl3 (20 mL) for 6 h. After that the solvent was removed in vacuum.
5-(5-(5-(4-(bis(2',4'-dibutoxybiphenyl-4-yl)amino)phenyl)thiophen-2-yl)-1-(4-
Flash chromatography over SiO2 was applied for the residue using gradient elution DCM (+2% formic acid) followed by washing of the combined dye fractions with HCl (1 M , 3 × 15 mL) 3, 159.9, 157.0, 147.4, 145.4, 142.9, 139.2, 135.0, 133.8, 133.4, 132.9, 132.4, 130.6, 130.3, 130.1, 130.0, 129.5, 127.7, 126.1, 125.9, 124.0, 123.7, 123.2, 122.5, 122.4, 110.3, 105.7, 100.2, 67.8, 67.4, 35.4, 31.5, 31.3, 31.1, 30.9, 29.2, 22.4, 19.2, 19.1, 13.5, 13.3, 13.28 7, 144.7, 137.1, 133.7, 131.8, 131.4, S5 130.5, 129.5, 129.3, 129.2, 128.9, 128.7, 128.4, 128.2, 127.7, 126.8, 126.7, 121.0, 114.6, 99.3, 35.5, 31.6, 30.9, 28.6, 22 .6 and 14.1 ppm. was fitted with a reflux condenser, magnetic stir bar and filled with N2. The reaction mixture was refluxed for 6 h, then allowed to cool to room temperature and 50 mL of ethyl acetate was added.
5-(5-(4-(bis(2',4'-dibutoxybiphenyl-4-yl)amino)phenyl)thiophen-2-yl)-1-(4-hexylphenyl
The organic layer was dried over Mg2SO4 anhydrous and removes the solvent. The crude product was purified over SiO2 using petroleum ether and ethyl acetate (8: 2) to obtained a title product as pale yellow solid (0.20g, 75% yield 6, 159.6, 156.9, 147.5, 145.5, 144.7, 144.1, 137.2, 134.3, 133.2, 131.7, 131.5, 130.8, 130.81, 138.2, 129.4, 129.3, 129.2, 128.6, 127.5, 126.8, 126.6, 126.3, 124.9, 123.8, 123.5, 122.9, 122.1, 106.9, 105.3, 100.4, 68.1, 67.8, 35.6, 31.6, 31.4, 31.2, 31.1, 28.6, 22.5, 19.4, 19.3, 14 .1, 13.9 and 13.8 ppm.
(E)-3-(5-(5-(4-(bis(2',4'-dibutoxybiphenyl-4-yl)amino)phenyl)thiophen-2-yl)-1-(4-hexylphenyl)-2-(thiophen-2-yl)-1H-pyrrol-3-yl)-2-cyanoacrylic acid (WS2): A solution of
aldehyde (34 mg, 0.031 mmol), cyanoacetic acid (16 mg, 0.18 mmol) and piperidine (0.03 g, 0.4 mmol) was refluxed in CHCl3 (10 mL) for 6 h. After that the solvent was removed in vacuum.
Flash chromatography over SiO2 was applied for the residue using gradient elution DCM (+2% formic acid) followed by washing of the combined dye fractions with HCl (1 M , 3 × 15 mL) gave 6, 160.7, 157.9, 148.5, 148.1, 146.3, 145.8, 145.1, 134.7, 133.5, 132.6, 131.5, 131.2, 130.6, 130.2, 128.1, 128.0, 127.1, 124.7, 124.0, 123.4, 123.3, 119.3, 117.7, 107.7, 106.7, 101.1, 98.2, 68.8, 68.3, 36.0, 32.3, 32.2, 32.1, 32.0, 29.3, 23.3, 20.05, 19.9, 14.4, 14 anhydrous and removed the solvent. The crude product was purified over SiO2 using petroleum ether to obtain a pure compound as white solid (0.51g, 49% 2, 140.9, 137.7, 129.8, 123.4, 122.6, 116.9, 112.5, 35.7, 32.0, 31.7, 29.3, 22 .9 and 14.5 ppm. The reaction mixture was refluxed for 6 h, then allowed to cool to room temperature and 50 mL of ethyl acetate was added. The organic layer was dried over Mg2SO4 anhydrous and removes the solvent. The crude product was purified over SiO2 using petroleum ether and ethyl acetate (7: 3) to obtained a title product as deep yellow solid (0.28g, 81% yield 8, 159.6, 156.9, 148.1, 145.3, 142.1, 136.4, 133.6, 130.9, 130.3, 130.0, 129.0, 128.4, 126.5, 124.1, 123.2, 123.0, 122.9, 106.6, 105.3, 100.4, 68.1, 67.8, 35.6, 31.7, 31.5, 31.4, 31.2, 29.1, 22.7, 19.4, 19.3, 14.2, 13.95 and 13.91 ppm. Flash chromatography over SiO2 was applied for the residue using gradient elution DCM (+2% 7, 159.7, 156.9, 148.8, 148.4, 147.8, 145.0, 143.0, 141.7, 136.1, 133.8, 133.7, 130.9, 130.5, 130.3, 126.3, 124.2, 123.0, 122.1, 117.7, 115.3, 107.7, 106.2, 100.6, 94.4, 68.0, 67.6, 35.1, 31.6, 31.4, 31.3, 31.1, 28.9, 22.6, 19.3, 19.2, 14.4, 14.2, 14 
4-(4-hexylphenyl)-4H-dithieno

6-(4-(bis(2',4'-dibutoxybiphenyl-4-yl)amino)phenyl)-4-(4-hexylphenyl)-4H-dithieno
(E)-3-(6-(4-(bis(2',4'-dibutoxybiphenyl-4-yl)amino)phenyl)-4-(4-hexylphenyl)-4H
6-(4-(bis(2',4'-dimethoxybiphenyl-4-yl)amino)phenyl)-4-(4-hexylphenyl)-4H-dithieno[3,2-b:2',3'-d]pyrrole-2-carbaldehyde (11):
To a 50 mL two-necked round bottom flask was added
2-yl)phenyl)biphenyl-4-amine (0.17g, 0.27 mmol), tolylphosphine (13.6 mg, 0.04 mmol), tris(dibenzylideneacetone)dipalladium(0) (6.4 mg, 0.011 mmol) and potassium phosphate (0.14g, 0.67 mmol). The mixture was dissolved in toluene and methanol (6:4). The flask was fitted with a reflux condenser, magnetic stir bar and filled with N2. The reaction mixture was refluxed for 6 h, then allowed to cool to room temperature and 50 mL of ethyl acetate was added. The organic
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layer was dried over Mg2SO4 anhydrous and removes the solvent. The crude product was purified over SiO2 using petroleum ether and ethyl acetate (7: 3) to obtained a title product as deep yellow solid (0.16g, 75% yield Flash chromatography over SiO2 was applied for the residue using gradient elution DCM (+2% formic acid) followed by washing of the combined dye fractions with HCl (1 M , 3 × 15 mL) 7, 160.2, 157.4, 149.9, 148.3, 145.3, 142.4, 136.1, 133.5, 132.9, 131.1, 130.3, 130.1, 127.7, 126.6, 124.4, 123.0, 122.9, 104.6, 98.9, 47.9, 36.6, 31.7, 31.5, 31.4, 30.9, 29.1, 22.6, and 14 
Device fabrication
Fluorine-doped tin dioxide (FTO) substrates were cleaned in an ultrasonic bath in the following order: deionized water (15 min), acetone (30 min), and ethanol (30 min). In order to generate the nano-porous TiO2 film, a TiO2 paste (Dyesol DSL 18NR-T) mixed with terpineol (2: 1 mass ratio) was deposited on the compact layer of TiO2 using a screen-printing technique. After sintering on a hotplate at 500 C for 30 min and cooling to room temperature, the substrate was immersed into a solution of 0.2 M aqueous TiCl4 at 70 C for 30 min. Then, the substrates were rinsed with deionized water and ethanol and annealed on a hotplate at 500 C for 30 min. After being cooled to 90 C, the hot TiO2 film was immersed into a dye bath for 2 h. The dye bath solution in this work was 0.2 mM of organic dye in a mixed solvent of tert-butanol and Figure S8 . UV-vis spectra of TiO2 films with the dyes WS1-WS4 and LEG4. The WS1, WS3, WS4 and LEG4 dyes absorb in the blue and green region of the solar spectrum resulting in a reddish color. The WS2 absorbs in the violet region resulting in a yellow color. The key differences between the dyes in solution and solid state is a red-shift of WS1, WS3, WS4 and LEG4 by about 30 nm. The experimental procedure is described below.
The optical absorption of the TiO2 electrode films was recorded using a UV-Vis spectrometer (Perkin Elmer Lambda 950, UV-Vis-NIR). Freshly dye-sensitized TiO2 electrodes were immersed into a dye bath for 24 h. Figure S9 . 1 H-and 13 C-NMR spectra of5-(5-(5-bromothiophen-2-yl)-1-(4-hexylphenyl)-1H-pyrrol-2-yl)thiophene-2-carbaldehyde. Figure S10 .
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1 H-and 13 C-NMR spectra of 5-(5-(5-(4-(bis(2',4'-dibutoxy-[1,1'-biphenyl]-4-yl)amino)phenyl)thiophen-2-yl)-1-(4-hexylphenyl)-1H-pyrrol-2-yl)thiophene-2-carbaldehyde. Figure S11 .
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1 H-and 13 C-NMR spectra of WS1. Figure S12 . 1 H-and 13 C-NMR spectra of 2-(5-bromothiophen-2-yl)-1-(4-hexylphenyl)-5-(thiophen-2-yl)-1H-pyrrole-3-carbaldehyde. Figure S13 .
S18
S19
1 H-and 13 C-NMR spectra of 5-(5-(4-(bis(2',4'-dibutoxy-[1,1'-biphenyl]-4-yl)amino)phenyl)thiophen-2-yl)-1-(4-hexylphenyl)-2-(thiophen-2-yl)-1H-pyrrole-3-carbaldehyde. Figure S14 .
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1 H-and 13 C-NMR spectra of WS2. Figure S19 .
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1 H-and 13 C-NMR spectra of WS3. 
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